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® Chemical vapor deposition method and apparatus making use of i.uld starting material. 



ZeouTTJ- ' '''"^ ''''''''' '---9 a 
enal and feeding the gaseous starting material into 
a reacon chamber of a CVD apparatus comp , e 
a con,a,ner that holds the l.puid start,ng~ 

FIG. 5 



pressure reducing means for reducing the pressure 
|ns, e the container, and heat,ng means for' ea 1 
he qu,d starting material held in the container he 
l'qu.d starting material being boiled. 
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!dmaS *"^«»^y'alum,num hydride 

ealT the h H^'^^'''^"""" ^'^''^ ^hi 
reason, the bubbling, i.e. the step of generatino 

bubWes in the bubbler 402 is earned out so 

m.xed gas corr^prised of the carrier gas and saL- 

rated vapo. Of organoaluminu. cornpld a3 

DMAH ,s fed mto the reaction chamber. The mixed 

gas .s thermally decomposed on the heated rmt 

nductor substrates 409. and aluminum is de os- 

'ted on the substrate as a result of its surface 

reaction with the substrates. 

Unreacted gas in the reaction chamber 403 i. 

exhausted outside by mean<! nf th. 

and auxiliary pump 405 ' ^'"""^^"P^^ 

such that an experimental CVD apparatus that has 
stably achieved the selective deposition is rnade 
up to a mass-production CVD apparatus h s "us! 
ed the problem that the selectivity having been 
achieved so far is lost. ^ 

This results in an increase in faults not only in 
he case of the metal films but also in the case oi 
e semiconductor films, and results in a lowenng 

According to a finding made by the present 
-venters, the poor general-purpose p ope. s 

First, the mixing ratio of the startino material 
qu, compound and other gas can on' be l j 
poorly controlled. ^ 

Second, a temperature change in the vicinity of 

::crp:r^^^^^^"-'-^^----o; 

Third, residual gases in the bubbler cause a 
change in the mixing ratio of the compound 



An Object Of the present invention is to provide 
che.,cal vapor deposition method and app ra ' 
thai can stably form deposited f.lms with a aooH 
Qua .y even if .here are changes in envlmen a' 

Another ob/ect of the present invention ,s ,o 
P ovide a Chemical vapor deposition method and 
Parafus fhai has excellent operability a d las" 
P oduc, and promises the reduction of prl; 
"on cost of various devices fabricated 
tonrn"?"°"" ''^ ^'''^^^ '"mention ,s 

faults J, r "'"^ 'ess unwanted 



The present mvention provides an apparatus 
or forming a gaseous starting matenal frn ' 
"PU'd starting material and feeding he oaspn ' 
staging materia, into a reaction chalr^:: 
5 CVD apparatus comphsing- 

a container that holds' the liquid starting ma- 
tena pressure reducing means for reducing the 
pressure inside the container, and heating means 
'or heating the liquid starting material heW Tn 1 

arrcv'Dmet'r'^ -rting Ltenali::^,: ^ 
and a CVD method making use of the apparatus 

fus IrlT""' appara- 
tus for feeding a starting gas into a reaction cham 

ths starting gas feeding means comprises a 
leal/ng apparatus comprising a heminnT t 
«ng a p,„ra,,ty o, JugJolL t ^,,: ^a' 

perature control means- the startinn n^c k ! 

^ r:„;a=iv.t:£- - 

paratus. ^'"^ "^e of the ap- 

The present invention still also provides a CVn 

gas Of the starting matenal and other qas arP 

ZV the CO ai 

and the mixing chamber- the rertifipr 

The present invention further provides a Cvn 
apparatus compnsing a head from which a sta^inn 

Ice 0 J T °' '° " "<"" '"2 

-::ir.e::r;;p::;--=^ 
;::s^:::r 

the plurality of f,lm forming reoion. ^r. 
ormed in one of the f„m forming reg ons s tu ned 
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technical level to do so. 

. As shown in the above (3), the mixing ratio 
changes depending on the Pomah, and the Pdmah. 
which IS merely a saturated vapor pressure, 
changes depending on temperature. Fig. 4 shows 
the temperature dependence of DMAH on the satu- 
rated vapor pressure. 

As shown therein, the Pomah exponentially 
changes with respect to temperature. On the other 
hand, since hydrogen is a gas at room tempera- 
ture, the PH2 does not exponentially change with 
changes of temperature. In other words, the molar 
mixing ratio greatly changes with changes of the 
temperature in the vicinity of the bubbler. 

The hydrogen partial pressure Ph2 at the the 
bubbler outlet does not coincide with the hydrogen 
pressure at the bubbler inlet, and has the relation- 
ship of: 



PH2(out) - PHzOn) = c.p.h (4) 
wherein; 

PH2(out) is a hydrogen partial pressure at the 
outlet of the bubbler; 

PH2(in) is a hydrogen pressure at the inlet of 
the bubbler; 

P is a specific gravity of an organometallic 
compound; 

h is a distance from the tip of a bubbling 
nozzle to the liquid surface in a bomb; and 
c is a pressure calculating constant. 
In this case, a variable that can be controlled 
by a regulator is only the PH2(in). Since, however 
the value of h becomes smaller as the apparatus is 
used, the pH2(out) changes. As a result, in order to 
keep the P„2(out) constant, the P„3(in) must be 
corrected according to the liquid remaining in the 
bubbler. However, this is a technique accompanied 
by a great difficulty because of the structure of the 
device. As detailed above, the conventional CVD 
apparatus can not be said to have a satisfactory 
starting gas controllability for the achievement of 
Wide general-purpose properties and optimum de- 
position conditions. 

According to the present invention, a starting 
material which is liquid at room temperature as 
exemplified by the organometallic compound is 
weighed at the stage where it is liquid, to control 
the amount of feed. Thereafter, the starling material 
's formed into particles or evaporated using a vibra- 
tor, a Venturi means or the like, heated before the 
reaction and then fed into the reaction chamber in 
tne form of a gas. This constitution makes it possi- 
ble to control the mixing ratio of carrier gas to other 
reaction gas at a high precision without influence 
by variations in saturated vapor pressure of the 
starting material. 



Thus, according to the present invention it 
becomes possible to appropriately carry out all 
types of CVD methods. 

In the cases other than metal films, e.g., in the 
5 case of compound semiconductors, the com- 
positional ratio of elements can be well controlled 
and it becomes easy to form uniform semiconduc- 
tor films or band gap controlled semiconductor 
films. In the case of insulating films, it becomes 
10 easy to control x or y in Si.Oy or Si^N^, so that it 
becomes possible to form large-area films having a 
uniform dielectric constant. 

In addition, it becomes possible to feed the 
starting material in a large quantity, and hence it 
rs becomes easy to uniformly form films on a large- 
area substrate or on a large number of substrates. 

As the CVD starting material used in the 
present invention, a material that is liquid in a use 
environment of a CVD apparatus is used More 
20 preferably it is a material that is liquid at room 
temperature, e.g, at 10 to 30 'C. It may specifically 
include trimethylaluminum (TMA), triethylaluminum 
(TEA), triisobutylaluminum (TiBA) 

dimethylaluminum hydride (DMAH) 

25 diethylaluminum hydride (DEAH), mon- 
omethylaluminum hydride (MMAH), triethylindium 
(TEln), trimethylindium (TMIn), trimethylgallium 
(TEGa), trimethylgallium (TMGa), dimethylzinc 
(DMZn), trichlorosilane (SiHCb), silicon tetrachlo- 
30 nde (SiCU), tetraethyl orthosilicate (TEOS) 
fluorotriethoxysilane (FOTES), POCI3, BBrj, Sn- 
(CH3). and the like. In particular, organometallic 
compounds can be preferably used in the CVD 
method of the present invention because of their 
35 relatively low vapor pressure at room temperature 
and normal pressure and a difficulty in their feed- 
ing in a large quantity. 

The reaction gas mixed with the above source 
matenal may include H2, O3. NH^, NO, N2 and the 
^0 like. An inert gas such as Ar may optionally be 
used. 

Of course, when compound films are formed or 
the type of conductivity is controlled, a known 
doping gas as exemplified by PHj, AsHj, BF3 
^5 82 Hi , SiH. or ShH, may be used in combination. ' 
The reaction chamber used in the present in- 
vention may be formed of an insulalive reaction 
tube made of quartz or the like or a reaction tube 
made of a metal. The reaction tube used may be 
50 any of those capable of receiving therein at least 
one substrate on which a film is to be used. 

An exhaust means may include a mechanical 
booster pump, a rotary pump, an oil-diffusion pump 
and a turbo-molecular pump, any of which can be 
55 used alone, or in appropriate combination. 

The substrate is held in the reaction chamber 
by a substrate holding means in such a way that 
the deoosition surface is set upwards, downwards 
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given value, or the valve 107 is opened when it 
becomes more than another given value. 

Other systems are also provided, e.g a sys- 
tem for detecting abnormal discharge of plasma 
inside the reaction chamber and stopping the op- 
eration, and a system for detecting abnormal pres- 
sure inside the reaction chamber and stopping the 
operation. 

The present invention can be applied not only 
to the CVD apparatus having the reaction chamber 
0 sheet-by-sheet treatment as shown in Fig. 5 but 
a so to a CVD apparatus having a reaction chamber 
of multi-Sheet treatment according to a hot-wall 
system as shown in Fig. i. 

In the present invention, the exhaust systems 
106 and 109 are separately provided in the appara- 
tus shown in Fig. 5. Alternatively, the end of the 
valve 107 may be inserted between the valve 110 
and the exhaust system 109 so that the exhaust 
system can be omitted. 

In the apparatus shown in Fig. 5, two-system 
gas lines are connected to the container 102 Alter- 
natively, the line having the exhaust system 106- 
107 may be omitted so that the inside of the 
container 102 can be evacuated through the reac- 
tion chamber 115 by means of the exhaust system 

As described above, as a method of feeding 
the liquid starting matenal for the CVD apparatus 
he starting material vapor compnsed of substan-' 
t-ally 100% of the starting material is fed into the 
reaction chamber. Hence, if is weighed separately 
from other reaction gas and sent to the reaction 
chamber, where their mixing ratio can be main- 
tamed at a proper value and in a high precision 
and also can be stably fed into the reaction cham- 
ber. Thus, it becomes possible to obtain a good 
m quality and film configuration of the deposit of 
the reaction product. 

Incidentally, in an instance in which the satu- 
rated vapor pressure of the liquid starting material 
IS so low that the deposition rate is determined by 
he amount of feed of the starting material, it ,s 
known to use the following apparatus as a method 
of improving feed efficiency of the starting material 
'-ig- 6 IS a diagrammatic illustration of a CVD 
apparatus used to form an aluminum thin film 
which IS disclosed in Japanese Patent Application 
Laid-open No. 2-38569. 

A earner gas 2002 ,s blown into a liquid starl- 
ing material 2101 through a valve 220 1 and a mass 

low coniroller 2202, and a mixed gas 0. the earner 
gas and starting gas is fed into a reaction chamber 
2005. To the inle. of the mixed-gas. a rectifier 2003 

s fitted so thai the gases can be uniformly fed to 
the surface of a substrate. This rectifier makes 1, 
possible 10 increase the vapor pressure of the 
starting gas oy heating a starting matenal tank 



2001 by means of a heating mechanism 2103 
when the liquid source matenal 2l0l has a small 
vapor pressure. This rectifier 2003 is comprised of 
several rectifying plates 2302 for making gas flow 
5 un. orm and a cylindrical frame 2301 to which the 
rect,fy,ng plates are fixed, and the cylindrical frame 
2301 IS provided with a built-in heater 2303 The 
heat,ng mechanism 2103 of the starting matenal 
tank IS set at a temperature high enough to in- 
'0 crease the vapor pressure and also low enough not 
0 cause the starting gas to decompose, e.g., about 
50 C when an organometallic compound 
trnsobu ylaluminum fTIBA), is used as the starting 

ectifier 2003 is set at about 230 'C. which is a 
temperature at which the aluminum thin film is 
most fittingly formed. 

Then, a substrate 2005 such as a silicon wafer 

20 1 r'h '''' ^«^t^d '° «bout 

400 C by means of a heating mechanism 2403 
and as a result of thermal decomposition reaction 
of the mixed gas fed thereto the aluminum thin film 
is formed on the substrate. 

Reference numerals 2601. 2602 and 2603 de- 
25 notes respectively a valve 2601 for introducing the 
mixed gas, a valve 2602 for evacuation and a gate 
valve 2603 from Which the substrate is carried 

30 such'^ttir' ' 'P'^"^^^"^ environment 

such that an expenmental CVD apparatus that has 
stably achieved the selective deposition is made 
up to a mass-production CVD apparatus has caus- 
ed the problem that the selectivity having been 
achieved so far is lost. 
^5 This results in an increase in faults not only in 
he case of the metal films but also in the case of 
the semiconductor films, and results in a lowenng 
of step portion coating properties in the case of the 
insulating films. 
^0 According to a finding made by the present 
inventors, these are caused by an insufficient starl- 
ing gas temperature control made by the heating 

system. ^airny 

''S Example 2 



This Example is an improvement of the rectifier 
2003 Shown in F.g. 6. and has a structure that can 
form a gas flow having a uniform temperature dis- 
50 tnbution. 

In the prior art previously described, the heater 
2303 externally provided was used in order to 
maintain the temperature of the rectifier 2003 at 
e.g., 80 ■ C. 

" f^'S- \ is a graph to show the relationship 

be^veen the temperature mside the rectifier 2003 
a d the feed efficiency of the starting gas formed 
by evaporation. When DMAH is usee as the liquid 
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basis of signals outputted from a temperature sen- 
sor provided to ttie rectifying plate together with 
the heater 3307 as will be described layer 

In the case when the rectifying plate is pro- 
dded m plurality, each heater and temperature 
sensor should be provided independently for each 
recWying plate so that its fine adjustment can be 
made independently. 

This heating rectifying plate 3306 is has a 

Tc^TVrT '" ''''' '"'^'•9- 11. That is. a 
It , K Ni, Ag. Pd or a high-melting 

metal such as l^o, Ta or W is formed as the heater 
3307 on a ceramic substrate 3361 such as a boron 
n nde alumina zirconium, magnesia or cordierite 
s b trate.Tothebothendsofthe heater, terminal 
3363 for power supply is provided, and is con- 
nected inside the fixing frame 3308 shown in Fig 
0. Reference numeral 3999 denotes temperature 
sensors provided arbitrarily in the area of the sub- 
strate^ The ceramic substrate 3361 should be 
formed of boron nitride, having a large thermal 
conductivity. The upper layer of the heater 3307 
thus formed is covered with an insulating ceramic 
material for the purpose of protection. ^Throu^- 
holes are further arranged for the purpose of gas 
rectificaiton. In this example, the through-holes are 
made to have a size distribution so that the con- 
ductance at the outskirts where the flow velocity 
decreases can be increased. 

Using this heating rectifying plate in plurality 
Plates havmg through-hole size distributions dil' 

en, from each other can be used so that the gas 
rectifying action can be improved. 

A square or rectangular rectifying plate is 
own .n Rg.n.lt ,s also possible to'symmetri! 
a.ange the through-holes ,n a disklike sub- 
fa 1 ^ ^a^iety Of heater patterns can 
be designed so long as the vicinities of the 
through-holes can be heated. 

Reference numeral 4001 denotes external ter- 
minals of the temperature sensors, and 4002 ex- 
terna terminals of the heater. These are connected 
to the temperature control system 4000 

As another embodiment, as shown in Fiq 12 
ano, er ceramic substrate 3364 may be overlaid so 
n^K . IS completely built ,n .0 give a top- 
and-bottom symmetrical structure 

The present Example thus constituted can 

hieve a uniform in-plane temperature distribution 
as s own by X marks ,n Fig. 9 previously given 
oeralrf ° iniprovemenl ,n tem- 

per .ure uniformity of the rectifying piate and also 
a improvement ,n the quality and thickness d.s- 
tnbution of the film formed by CVD 

li still also can expand the scope of optimum 
conditions of gas heating temperature, flow rate 
nd so forth, and at the same time can improve 
reprooucibilityto give films with a good coverage 



In addition, the use of the heating rectifvino 

P ates in a multiple construction to make ind a 
temperature control expands the scope of adap a 

Ibou t n " ^'^0 brings 

start 0 " ^T' '''^'^"^y "q^d 

stoTratr '"'^ "^P^ovement in film depo- 

10 liauid'r Sreat particularly when 

hqu d source materials with a low saturated vapor 
pressure as ,n the organometallic compounds are 

Example 3 



f.J'^' ^ diagrammatical illustration of a qas 
eeding system of the CVD apparatus according 0 
this Example of the present invention. 

Reference numeral 3006 denotes a m=>^*v, 
- Chamber, to which the substrate ho S. h he^e: 

th?re'~"^^°^°^^-~n 

.5 With It ''''''T ''^ P^°^'ded thereto 

a d th^ '''' ^'^ ' P'Pe 

with the'T' '"'"''^ '''' b--th 
't with the same rectifier 3003 as in the Example 
prev^usyes^^^^^^^^^ 

30 LT ^ ^'"^ ^'^'ding a liquid 

30 starting material 3101, fitted with a heater 3103 is 
provided. The starting material tank is formed of 
quartz or a fluorine-treated insulating material 

siJlT' ''"^^ '° '""^ "Chamber 

side, the mixing chamber 3100 is connected to a 

- "-er gas feeding means Via a connecting Pipe 

This carrier gas feeding means contains a 
mass f ow controller 3202, a valve 3201 an ga 
bomb 3203, and is further provided with a heated 

This apparatus is operated as described below 
'he liquid starting material 3101 kept in the 
source material tank 3001 is heated with the heate! 
3103 to generate vapor therefrom. The heatinq 

<5 tures that can give a vapor pressure as larqe as 
possible without little causing decomposition , the 
starting material 3101. In the case of DI^AH the 
temperature may preferably be 40-C to 100 "C 

so IT. 7!'"'' '^"'*"9 '^h^'^ber 3100 is 

^0 controlled to be about 0.5 to 200 Torr accordin to 
the conductance of the connecting pipes As for 
the starting material tank 3001. its Iside pret^^^^^ 

the size and density of the openings m the rectifv 
^= I 9 olate Of the rectifier 3003. Stated spec S 
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5006 and 5106. 

For example, a material gas such as DMAH is 
fed into the first gas head assemblies 5007 and 
5107 through a pipe 5017 and a reaction gas such 
as hydrogen is fed into the second gas head as- 
semblies 5006 and 5106 through a pipe 5016 In 
the case when the gases are fed into the reaction 
chamber in the form of a mixed gas. the head 
assemblies and pipes may be unified. 

The present CVD apparatus is operated as 
described below. 

First, the substrate having been subjected to 
film formation on the holder 5001 while being re- 
ciprocated beneath the head 5005 is subsequently 
moved onto the turn table 5004. The turn table is 
tumed by 180- by means of a motor 5003. Of 
course, it may be tumed by any angle except 360' 
or 0-, and preferably 30' to 330'. and more 
preferably 30* to 210*. 

Next, the substrate having been moved onto 
the holder 5002 is again subjected to film formation 
while being reciprocated similarly. These steps are 
carried out in the same reaction chamber 3006 
Hence, with reference to Fig. 16, the right region A 
{5005A) of the substrate at the initial film formation 
corresponds to the left region B (5005B) at the 
subsequent film formation. Since the rate of film 
formation is determined by the flow rate of the 
starting gas in the case of DMAH or TiBA the film 
formation should preferably be carried out indepen- 
dently in two or more film formation regions as in 
the present Example. 

When the substrate is moved, there is a pos- 
sibility that the film thickness becomes uneven 
substantially in parallel to the direction of move- 
ment. Now, in the present Example, the substrate 
IS tumed by the angle except 0' and 360' within 
the deposition area by means of the intermediating 
means having the turn table, and then the subse- 
quent film formation is earned out. Hence, uniform 
films can be stably obtained. 

Fig. 18 illustrates a modified embodiment of 
the present Example. Its film forming system is 
comprised of six heads 5005, 5105, 5205 5305 
5405 and 5505. three holders 5001. 5002 and 5003 
and two turn tables 5004 and 5014. 

First, in a first film forming chamber DCA the 
substrate is subjected to film formation on the 
holder 5001 while being reciprocated beneath the 
heads 5005 and 5l05. Next, the substrate havinq 
oeen moved to a first intermediating chamber RCA 
IS turned by 60- on the turn table 5004. and then 
moved to a next, second film forming chamber 
UCB. Film formation is also carried out here in the 
same n^anne. as m the first film forming chamber 
DCA. Thereafter, the substrate is further tumed by 
60- rn a second intermediating chamber RGB and 
ihen moved m a third film forming chamber DCC 



where the film formation is again carried out. 

Each chamber can be independently evacu- 
ated by means of an exhaust system 3605 so as to 
be isolated from the atmosphere. Gate valves (not 
5 shown) are also provided between chambers so 
that the film forming atmosphere can be indepen- 
dently maintained for each chamber. 

Of course, including the turn tables, all the 
heads and substrate holders may be provided in a 
10 common chamber as shown in Fig. 16. 

In order to improve mass-productivity how- 
ever, the multi-chamber system as shown in Fig 
18 should be taken and film formation is carried out 
in such a way that at least one substrate is always 
'5 present in each film, forming chamber. 

Needless to say. the head in Example 4 may 
be employed in the heads 5005 and so on and as 
the gas feeding system, the one used in Example 1 
may be employed. 
20 The present Example, in which the substrates 
are tumed during the film formation, makes it pos- 
sib^ to obtain uniform films with regularity and 
without uneveness. 

25 Experimen t 1 

Using the apparatus of Example 1, deposition 
Of Ai was carried out under typical conditions of a 
hydrogen flow rate of 500 seem, a DMAH flow rate 
30 of 50 seem, a reaction chamber pressure of 1 2 
Torr and a substrate heating temperature of 270 "C 
to form a metal film. As a result, the metal film 
obtained was an aluminum thin film with an ex- 
cellent flatness and film quality 

35 

Exper iment 2 

On the substrate having the AI film obtained in 
Experiment 1, a silicon oxide film was formed usinq 
<o the CVD apparatus having the same constitution as 
in Example 1. 

A silicon oxide film of about 1 am thick was 
formed using TEOS as a starting material and 
ozone (Oj) as a reaction gas. The silicon oxide film 
<5 obtained well covered the step portion and was flat. 

Experimen t 3 

An aluminum thin film was formed using the 
50 apparatus of Example 2 described above and using 
TIBA as a source material and Ar as a earner gas 
As a result, the scope of conditions suited for film 
formation expanded in respect of the flow rate of 
the starting gas and the temperature of the qas 
55 feeding assembly, a good reproducibility was 
achieved, and it was possible to well feed the 
starting gas. 
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I. A CVD method for forming a deposited film on 
the substrate, making use of the apparatus 
according to claim 2. 

• The CVD method according to claim 4, j 
wherein an alkylaluminum hydride is used as 
the starting material, which is reacted with hy- 
drogen to form a metal film mainly composed 
of aluminum, on the surface of a conductor or 
semiconductor of the substrate 

A CVD apparatus for feeding a starting gas 
into a reaction chamber with starting gas feed- 
ing means and depositing a thin film on a 
substrate placed in said reaction chamber, rs 
wherein; 

said starting gas feeding means comprises 
a heating apparatus comprising a heating 
member having a plurality of through-holes 
through which a starting gas is passed, tem- ?o 
perature control means that controls the tem- 
perature of said heating member and a heater 
provided in the vicinity of said plurality of 
through-holes, controlled by said temperature 
control means; said starting gas being fed into 25 
said reaction chamber through said through- 
holes. 



detachably supported. 

12. A CVD apparatus for forming a deposited film 
compnsed of the same material in a plurality of 
film forming regions, wherein; 

said plurality of film forming regions are 
provided between them with means for turning 
a substrate, the substrate on which a film has 
been formed in one of said film forming re- 
gions is turned by an angle within the range of 
larger than 0- to smaller than 360'. and there- 
after said substrate is placed in other film 
forming region to further form a film. 



The CVD apparatus according to claim 6 
wherein said starting gas comprises an or- 
ganometallic compound. 



11. A CVD apparatus comprising a head from 
which a starting gas is liberated toward a sub- 
strate placed in a reaction chamber: said head 
having a gas liberating surface at a distance of 
10 mm or less from the surface of said sub- 
strate, and said gas liberating surface oeing 



30 



8. A CVD method for forming a deposited film on 
the substrate, making use of the apparatus 
according to claim 6. 

9- The CVD method according to claim 8 
wherein an alkylaluminum hydnde is used as 
the starting gas, which is reacted with hy- 
drogen to form a metal film mainly composed 40 
of aluminum, on the surface of a conductor or 
semiconductor of the substrate. 



10. A CVD apparatus comprising a container that 
nolas a liquid starting material, a mixing cham- 
oer in wnicn a gas oi said starting matenal and 
other gas are mixed, a rectifier provided be- 
tween said container and said mixing chamber- 
said rectifier being provided with a gas feeding 
means comprising a plate member provided 
with an opening having heating means. 



45 



so 



55 



13 



EP 0 548 944 A1 



FIG. 1 




EP 0 548 944 Al 



204 



FIG. 2A 





FIG. 20 




I 



15 



0 548 944 A1 



FIG. 3 
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FIG. 4 
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FIG. 7 
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